Objective: Describing the characteristics of the MRI (magnetic resonance imaging) of patients with ADD (acquired demyelinating disorder) followed in a specialized pediatric clinic. Methods: Descriptive and retrospective study of the MRIs of a pediatric ADD cohort. The included images were acquired in machines with 1.5 or 3T magnets. Low-quality images were excluded. The radiological characteristics of the lesions were described using the 2010 Revised McDonald Diagnostic Criteria regarding localization, contrast enhancement and optic nerve alterations. Results: Twenty-three patients were included (55% female). The mean age of the first clinical event was 7.7 years. Most common diagnosis was Clinically Isolated Syndrome (35%), followed by Multiple Sclerosis (30%), Neuromyelitis Optica (17%) and Acute Disseminated Encephalomyelitis (17%). Mean time elapsed until diagnosis was 1.8 years. Follow-up MRIs of ADEM patients showed complete or partial resolution of lesions; MS lesions were mostly localized in the brain and four patients had contrast enhancement of lesions in their last available MRI. All NMO (neuromyelitis optica) patients had extensive spinal lesions, and two had optic neuritis. All patients with CIS (clinically isolated syndrome) had focal spinal lesions and evolved with radiologic improvement. Conclusions: ADEM and CIS patients' MRIs showed lesion reduction, while MS and NMO patients developed new lesions during follow-up.
Introduction


The ADD (acquired demyelinating disorder) represents immunologically mediated inflammatory and neurodegenerative conditions of the CNS (central nervous system). They can be characterized by the dysrupture of the myelin sheath and axonal damage, secondary to the neuroinflammatory process.
The main symptom of ADD is MS (multiple sclerosis), ADEM (acute disseminated encephalomyelitis), NMO (neuromyelitis optica) and CIS (clinically isolated syndrome). All of these conditions can have similar clinical and radiological characteristics in the early disease course, making the differentiation of each specific entity a challenge, and occasionally an impossible one, after the first acute episode of demyelination [1] .
The worldwide prevalence of MS in adults varies between 5 and 30 cases per 100,000 persons [2] . But in about 5% of the adult patients, the symptoms begin before the age of 16 years old and, in less than 1%, before the age of 10 [3, 4] . Several retrospective studies published between 1968 and 1990 have demonstrated that many adult patients with MS had begun to show clinical symptoms during adolescence [3] .
MRI (magnetic resonance imaging) has become the mainstay of complementary exams in the ADD [5] , playing a major role not only in diagnostics, but prognostics and follow-up. It is used in the definition of the pediatric ADD diagnostic criteria established in the 2007 international consensus [6] , later revised in 2013 [7] . The widespread access to MRI, in association to the refinement of neuroimaging techniques and deeper knowledge of the spectrum of these diseases lead to an increase in the number of diagnosed and reported cases. Even then, the ADD still represents a group of rare diseases in the pediatric population.
In Brazil there is a limited number of centers specialized in pediatric ADD. Our group was the first to be founded in the state of Rio de Janeiro, in 2012, and still remains the only one available for a population of over 16.5 million people. It is one of the very few pediatric hospitals that offer evaluation, treatment and multidisciplinary follow-up of ADD in patients under 18 years old, country-wide. This specialized take on patient care allows for a uniform diagnostic and therapeutic approach.
The main objective of this study is to describe the MRI characteristics of these patients. It is the first longitudinal and prospective study of an exclusively pediatric cohort followed by any single medical institution in Brazil.
Materials and Methods
Descriptive study of a bidirectional cohort of patients diagnosed with ADD under the age of 18 years old, followed longitudinally in a specialized pediatric ADD clinic. Patients with suspected ADD were referred to us for evaluation and all of those with confirmed ADD were included in the study.
The diagnosis of ADD subtypes was established in agreement with the definition proposed by the International MS Study Group of 2007 [6] , revised in 2013 [7] .
All patients underwent brain, orbits and spinal cord MRI using 1.5T or 3T magnetic fields. All images obtained, including the ones previous to admission to our clinic, were added in the study. Because images could not always be obtained in the same MRI machine, mainly due to patients' varied economical and health insurance related situations, some images did not meet minimal quality standards (due to movement artifacts, digitalization errors or those obtained using a magnetic field inferior to 1.5T or those using an open magnet) and could not be adequately evaluated. These images were excluded from the study.
Twenty-seven patients were evaluated in total and they are listed in Table 1 . Patients' number 21 and 24 did not fulfill the inclusion criteria, being diagnosed with conditions other than ADD (in one case, a post-infectious optic neuritis, and the other a post-vaccine transverse myelitis). Patients 8 and 10 were not included from the study because their imaging studies did not meet the quality standards required for evaluation. Patient's numbers on the table refer to their chronological order of entry in the study.
Demographic and clinical data collected from the patients included: sex, age at first demyelinating episode, age of admission at our clinic, neurological function in eave acute episode (according to the EDSS (expanded disability status scale)), disease duration, number of acute clinical events, relevant laboratory exams [OCBs (oligoclonal bands) and AQP4-IgG (anti-aquaporin-4 IgG antibody)] and the last ADD specific medication used by each patient.
The MRI exams were evaluated by a radiologist with expertise in pediatric neuroradiology, blind to the clinical data. It was used the McDonald criteria of 2010 [8] , and the International Pediatric MS Study Group definitions of 2007 [6] , revised in 2013 [7] , observing lesions in regards to their localization (in the brain, considering periventricular, juxtacortical, infratentorial and corpus callosum involvement, and in the spinal cord, considering cervical, thoracic and lumbar involvement), longitudinal extension (focal if equal to or under 2 vertebral bodies, or extensive if over 3 vertebral bodies), contrast (gadolinium) enhancement and involvement of optic nerves (presence of hyperintense signal in FLAIR or T2-weighted images, swelling or reduced volume and contrast enhancement). After revising all the exams, we selected three of each patient while obeying the following criteria: (a) the first MRI (corresponding to each patient's first clinical episode); (b) a representative follow-up exam according to the evolution of each patient (exams of subsequent acute episodes in patients that had multiple episodes or simply follow-up exams in patients with a stable clinical course); and (c) the last exam of each patient at the end of the study.
Exams of every single patient were compared to each other in order to verify signs of dissemination of lesions in space and over time, and the resolution of old ones.
MRI studies were obtained respecting each patient's clinical necessity, but also according the limits of the Brazilian public national health system and the financial situation of the patient and their caregivers (through private health insurances).
When possible, patients obeyed the following recommendations: imaging study during the acute episodes and three months after treatment; in the absence of signs of relapse, patients using immunomodulatory treatments or immunosuppression would repeat the MRI every 6 months during the first year of follow-up and then yearly, afterwards; patients not using any drugs would repeat the MRI annually after resolution of acute episode.
(1) Statistical analysis A descriptive analysis of continuous variable was made, using averages and standard deviations. Frequencies were calculated for categorical variables.
(2) Ethical aspects It was approved by the local ethics committee and all patients agreed to participation in the study, having signed a consent agreement.
Results
Patient Profile
Among analyzed patients, follow-up duration at our clinic ranged from 2 to 95 months (mean 36.3 months). Twelve (55%) were females. Mean age at first acute demyelination episode was 7.7 years old (ranging from 1 to 14 years old), with 16 (70%) being under 10 years of age. OCB in MS patients was positive in 5 of the 6 tested patients (83%). In contrast, CIS patients had positive OCB in only 3 of the 7 tested patients (43%).
No patient with ADEM was tested for OCB and the only NMO patient tested was negative.
The AQP4-IgG was positive in only one (25%) of the NMO patients, while no patient was with ADEM, EM or CIS tested positive.
Regarding treatment, all patients with a diagnosis of MS were, at the end of the study, using Interferon β 1A. Two patients with NMO were using glatiramer acetate, one was using azathioprine and the last was using azathioprine in association with mycophenolate mofetil. One patient, with multiphasic ADEM, was using mycophenolate mofetil at the end of the study while the other ADEM patients as well as the CIS patients were not receiving any immunomodulatory or immunosuppressive medication at the end of the study.
MRI Evaluation
A total of 139 MRI exams were revised. Each patient underwent 2 to 15 imaging studies (mean: 6). Fig. 1 summarizes the most relevant data for the radiological characterization of the patients.
The first MRI revealed that ADEM patients had more asymmetrical and bigger (over 1 or 2 centimeters wide), and some had tumefactive lesions, with contrast enhancement. Areas most often affected were the brain (periventricular, juxtacortical, infratentorial (Fig.  2A) . Four patients with MS showed optic nerve alterations. All seven patients had focal spinal lesions (Fig. 2B) , with mostly cervical involvement, while four patients had longitudinally extensive transverse myelitis (LETM; with an extension equal to or greater than 3 vertebral bodies) during their time in the study. All MS patients had contrast enhanced lesions during their disease, and four of them still showed contrast enhancement in their last exam, despite treatment.
The four NMO patients had LETM, while three had it in their first acute episode. Two patients had ON (optic neuritis): one with unilateral involvement and another bilateral. Hyperintense lesions, volume alterations and contrast enhancement were observed (Fig. 3) .
Only one CIS patient had some optic nerve alteration, that being hyperintense signal change. The seven CIS patients that had a spine MRI done showed focal lesions, with a predominant cervical and thoracic involvement, and one patient had LETM. These patients' last exams showed radiological improvement and none of them had contrast enhanced lesions.
Discussion
This study summarizes the data of a pediatric ADD cohort followed in a single specialized medical institution using a uniformed approach, while still tailored to each patient's specific needs and clinical conditions. Selection bias explains the low incidence of ADEM in this cohort: our center is a high-complexity terciary care facility and patients were referred by their primary care physicians. Hence, the ADEM cases referred were either those who presented with more than one acute event or those who did not obtain success after the initial round of therapy. Fragoso et al. [9] when evaluating Brazilian MS patients, described that there could be a delay of over 10 years until patients under 10 years old are diagnosed, when compared to older patients. In our study, time elapsed until diagnosis was, in average, of one year for MS patients. Patients with ADD in general were diagnosed, in our cohort, in 1.8 years in average. That time was longer for NMO patients (mean: 4.5 years).
Clinically the most common MS presentation in children is polyfocal, contrary to what is observed in adults, where presentation is usually monofocal [10] . Curiously, but in accordance to what was observed in an Indian cohort, our younger (under 10 years old) patients had a majority of monofocal presentations [11] .
The most frequent symptoms reported in pediatric MS are related to the motor and brainstem dysfunctions, followed by sensory symptoms and ataxia [12, 13] . But in our study, the most frequent symptoms were related to the brainstem and cerebellum.
OCB positivity is not obligatory for an MS diagnosis [8] , especially because it can be negative in a first acute episode of demyelination. Nevertheless, the presence of OCB can aid the diagnosis whenever it is an important diagnostic hypothesis. In this cohort only one MS patient out of the 6 that were tested (17%) had a negative OCB result. Furthermore, three (43%) of the CIS patients that were tested had positive OCB, despite which they still did not fulfill the MS diagnostic criteria.
The AQP4-IgG is an important NMO disease biomarker because of its high specificity [14] , but a negative result doesn't exclude the diagnosis. Banwell et al. [15] found a 47% AQP4-IgG positivity in pediatric NMO patients, and a 78% positivity rate when evaluating exclusively the population with relapsing NMO. In this study, out of the four NMO patients, only one presented with a positive AQP4-IgG titer. That may be because of our small sample size or because of the varied quality of assay kits available in different Brazilian laboratories, especially considering reports of the occurrence of false negative results in up to 30% of the cases [6] .
Treatment of ADD in Brazil depends highly on which medications are freely available for the patients in the public national health system (SUS). The ones available, at the time of this publication, are the interferon β 1A and glatiramer acetate [16] . All our pediatric MS patients are currently using interferon β 1A, and only one of them has had a clinical relapse, attributed to the irregular use of the medication. One NMO patient had a relapse and had to have the regular therapeutic scheme modified to azathioprine associated to oral corticosteroid therapy, which was progressively substituted by mycophenolate mofetil.
(1) ADEM One ADEM patient had to stay in prolonged oral corticosteroid therapy, due to the occurrence of relapses on weaning attempts. In this patient, because of the diagnosis of multiphasic ADEM, mycophenolate mofetil was started and was successful in allowing the suspension of oral corticosteroids without new relapses.
ADEM can affect any area of the CNS and each patient usually has lesions of varied sizes. These typically affect the central and subcortical brain white matter, as well as the U-fibers, cerebellum, brainstem and spinal cord [17] . This very pattern has been observed in our patients.
As for the presence of focal lesions, it is usually dispersed along the three segments of the spinal cord, only one of four patients presented it. Other authors had already reported an incidence of spinal lesions in up to 1 in every 3 ADEM patients, with those lesions usually being large, confluent and affecting multiple spinal segments [18] .
Regarding treatment results, most patients in our cohort had a partial or complete resolution of the radiological abnormalities, which is a similar finding to the ones reported [19] .
(2) Pediatric MS All patients with MS had, on their first radiological exam, multiple encephalic lesions, localized in the periventricular, juxtacortical and infratentorial white matter and in the corpus callosum, with three patients exhibiting contrast enhancement in their lesions. Unfortunately, definite MS diagnosis could only be reached after new clinical episodes in five patients and after appearance of new, clinically silent lesions in the follow-up MRI of two patients, hence fulfilling the time and space dissemination MS diagnostic criteria [8] .
It is a known fact that lesions can disappear in the beginning of the pediatric disease, while it is more common that old lesions remain unchanged in the following exams in the adult MS population [20] . In our cohort, the resolution of lesions during the patients' evolution was observed as well.
Despite not being common in MS, the LETM can happen in up to 10% of pediatric MS patients [15] . In our cohort, all MS patients had spine lesions, four of which had LETM, a much higher incidence than previously reported.
(3) NMO All NMO patients had at least one episode of LETM and two had neuritis optica, while only one had positive AQP4-IgG. This situation is in accordance with the revised diagnostic criteria for NMO in adults, which includes the patients with the NMOSD (NMO spectrum disorders) and the patients with negative AQP4-IgG, as long as they fulfill the minimum requirements: at least two typical presentations, one being an episode of transverse myelitis, neuritis optica or area postrema syndrome; dissemination in space and the exclusion of other possible diagnoses [21] .
Cerebral lesions with supratentorial predominance, usually big and isolated and with mass effects were observed in three NMO patients in this cohort. Other authors had already reported this type of lesion in NMO patients, in the supratentorial area as well as in the brainstem [7] . These lesions, even though they might suggest NMOSD, when unaccompanied by more typical NMO lesions, cannot be adequately differentiated from typical MS lesions, particularly in AQP4-IgG negative patients [21] .
The radiological evolution of the cohort's patients shows a predominance of spinal lesions in NMO, including LETM, while in MS there was preponderance of encephalic lesions, while spinal lesions were mostly focal. This finding supports the fact that NMO is a distinct inflammatory CNS disease from MS [21] . 
Conclusions
The ADEM and CIS patients' MRI showed an important reduction of the lesions, as opposite to MS and NMO patients. Early diagnosis is possible, even if challenging, for these are rare conditions that require specialized professionals and complementary exams not always easily available in the Brazilian public health system. This study shows that these diseases can occur in the pediatric population, requiring from the pediatrician and pediatric neurologist a guided diagnostic suspicion.
It is of major importance to observe that the longitudinal follow-up of the patients in a single specialized medical institution and the use of a specific diagnosis treatment and diagnosis protocol can have positive effects over the speed of correct diagnosis and timely treatment, with the objective of minimizing these patients' sequelae and preventing new demyelinating events.
Still, the fact that the MRI exams in this study were performed in different machines and following various neuroimaging acquisition techniques and protocols did not allow for a more standardized and detailed evaluation of the demyelinating lesions, hindering the precise evaluation of the number and spread of lesions and their volumes.
The MRI is an important tool in the monitoring of activity in the ADD, and that is why we hope that a future study following a specific protocol for the acquisition of images in ADD patients may aid in establishing a clearer clinical-radiological-laboratorial correlation, shortening the time between the acute demyelinating event and the treatment, improving the prognostic of ADD patients. Another benefit of having a specific imaging protocol might involve the shorter exam duration, leading to a shorter anesthesia time.
